Background. Sepsis is associated with long-term health consequences. We sought to determine the long-term risks of acute and fatal coronary heart disease (CHD) events after sepsis hospitalizations among community-dwelling adults.
≥45 years [17] . The REGARDS cohort was designed to evaluate the predictors of racial and geographic differences in stroke mortality. Among REGARDS participants, approximately 45% are male, 41% are black, and 69% are aged >60 years. REGARDS recruited participants between January 2003 and October 2007. At 6-month intervals, REGARDS contacted the participants by telephone to identify any hospitalizations of participants. Further details for the REGARDS study methods are described elsewhere [17] . While the goal of the REGARDS cohort was to examine and characterize stroke events, the population within REGARDS contained healthy adults at baseline. The REGARDS-Sepsis ancillary study used the infrastructure of the parent REGARDS study to independently identify sepsis hospitalizations [18] .
Identification of Sepsis Cases
The primary exposure in this study was first hospitalization for sepsis. We included hospitalization events reported from 1 January 2003 through 31 December 2012. Using the taxonomy of Angus et al, we identified all hospitalizations (emergency department visits and/or hospital admission) attributed by participants to a serious infection [1] . We defined sepsis cases as hospital admission for a serious infection with the presence of at least 2 systemic inflammatory response syndrome (SIRS) criteria. The SIRS criteria included the following: heart rate >90 beats/ minute; fever (temperature >38.3°C or <36.0°C); tachypnea (>20 breaths/min) or PCO 2 < 32 mm Hg; and leukocytosis or leukopenia (white blood cells >12 000 or <4000 cells/mm 3 or >10% band forms) [19, 20] . Since the study focused on community-acquired (vs hospital-acquired) sepsis, we used vital signs and laboratory test results for the initial 28 hours of hospitalization. Two trained reviewers evaluated information from the corresponding medical record, confirming the presence of a serious infection based on diagnoses documented in the emergency department or admission physician record. Discordances were adjudicated among abstractors, with additional physician review as needed.
International consensus conferences (Sepsis-3) have proposed new definitions for sepsis [21] . Because of their common use in prior sepsis epidemiology studies, we used the SIRSbased sepsis definition in the primary analysis. However, in a sensitivity analysis, we repeated the analysis using the Sepsis-3 definition of sepsis as the presence of a serious infection plus a sequential organ failure assessment (SOFA) score ≥2.
Primary Outcome-Acute Coronary Heart Disease Events
The primary outcome was the occurrence of an acute CHD event [22] . Acute CHD included fatal and nonfatal myocardial infarctions (MI) and acute CHD death events. Expert teams reviewed medical records and identified and adjudicated CHD events using published guidelines [23, 24] .
MI consisted of the presence of signs or symptoms suggestive of ischemia; a rising and/or falling pattern in cardiac troponin level or creatine phosphokinase-MB level over 6 or more hours, with a peak level greater than twice the upper limit of normal (diagnostic cardiac enzymes); and electrocardiogram changes consistent with ischemia or MI. Electrocardiogram evaluation followed the Minnesota code, classifying cases as evolving diagnostic, positive, nonspecific, or not consistent with ischemia [25] . We included only definite or probable MIs. Definite MIs included cases with diagnostic enzymes or electrocardiogram. Probable MIs included cases with elevated but not diagnostic (ie, equivocal) enzymes with a positive but not diagnostic electrocardiogram or, if enzymes were missing, a positive electrocardiogram in the presence of ischemic signs or symptoms. We classified MIs caused by an invasive procedure as procedure related. Elective and urgent coronary revascularization procedures were not included in the definition of MI.
For acute CHD deaths, adjudicators reviewed the medical history, hospital records, interviews with next of kin or proxies, and death certificate or national death index data to determine if CHD was a definite or probable cause of death. Cases were assigned to 2 adjudicators, and disagreements were adjudicated by committee. The test for agreement between adjudicators yielded a κ level >0.80 for the presence of definite or probable MI or definite or probable acute CHD death.
In a secondary analysis, we examined fatal CHD as the primary outcome, defined as acute CHD deaths or death within 28 days of an acute MI. To allow for at least 1 year of follow-up after the last adjudicated sepsis event, we included all acute CHD events during 1 January 2003 through 31 December 2013 (1 year beyond the last adjudicated sepsis event).
Prior studies examined the association between sepsis and subsequent cardiovascular disease using a composite outcome variable combining CHD and stroke events [12] [13] [14] [15] [16] . There are important clinical and pathophysiologic distinctions between stroke and heart disease. For example, stroke episodes may involve ischemic or hemorrhagic subtypes and may entail antecedent embolic events. Therefore, in this study we chose to focus on CHD.
Selection of Matched Cohort
We created a matched cohort that consisted of sepsis participants matched with individuals who had not experienced a sepsis event. Requirements for matching included that the participant must not have experienced an acute CHD prior to enrollment in REGARDS, the participant must not have experienced an acute CHD prior to the first sepsis event, and the participant must have complete sepsis and acute CHD event data during the follow-up period. For each sepsis participant, we calculated the time from REGARDS enrollment to first sepsis event. For each eligible sepsis participant, we used incidence density matching to select 5 nonsepsis controls, matching by age ±5 years. Potential controls were participants who were alive for at least the same presepsis time of the sepsis case but without a sepsis or acute CHD event. Cases and controls were selected with replacement; sepsis participants could also be selected as a matched control for another sepsis case during their presepsis period, and nonsepsis participants could serve as a matched control for more than 1 sepsis participant.
Participant Characteristics
Participant characteristics used in the analysis included sociodemographics, health behaviors, chronic medical conditions, and select biomarkers. Sociodemographics included age, race, sex, income, education, and geographic location. Health behaviors included tobacco and alcohol use. Chronic medical conditions included atrial fibrillation, chronic lung disease, coronary artery disease, deep vein thrombosis, diabetes, dyslipidemia, hypertension, MI, obesity, chronic kidney disease, peripheral artery disease, and stroke. Biomarkers in the analysis included cystatin-C, high-sensitivity C-reactive protein (CRP), serum creatinine (converted to estimated glomerular filtration rate [eGFR]), and urinary albumin-to-creatinine ratio (ACR). Medications included aspirin and statins. (Detailed participant characteristic definitions are provided in Supplementary Appendix 1.)
Statistical Analyses
We compared characteristics between matched sepsis and nonsepsis participants using conditional logistic regression. We fit Cox proportional hazards models to determine the risk of acute and fatal CHD events between matched sepsis and nonsepsis persons. We censored individuals at the time of their event, death, or end of follow-up (31 December 2012). Because we performed sampling with replacement, we incorporated matching stratum into all analytical models.
In developing risk adjustment strategies for the Cox models, we noted that the limited number of CHD and fatal CHD events was insufficient to allow adjustment for all potential sociodemographics, health behaviors, chronic medical conditions, and biomarkers. Therefore, we adjusted the multivariate models using a backwards variable selection process. First, we fit a model with all variables with univariate P ≤ .2. We then backwards eliminated variables with a multivariable P > .05. The resulting model included sequential adjustment for sex, race, education, income, and region; tobacco use; and atrial fibrillation, chronic lung disease, diabetes, hypertension, obesity, peripheral artery disease, stroke, chronic kidney disease, and abnormal ACR. To examine alternate risk adjustment strategies, we fit a Cox model adjusting for the REGARDS sepsis risk score only [26] . The REGARDS sepsis risk score predicts 10-year risk of sepsis based on patterns of sociodemographics, health behavior, chronic medical conditions, and biomarkers.
We fit a series of analytic models to test the robustness of the results. We fit a piecewise Cox model with 3 follow-up time segments (≤1 year, 1-4 years, ≥4 years). Because of the unclear proportionality of hazards at later follow-up time points, we fit a model using Gray's piecewise constant time-varying coefficients model, which uses piecewise constant penalized splines to better estimate temporal exposure effects [27] . We used Fine and Gray's model to examine all-cause mortality as a potential competing risk for acute CHD events [28] . Finally, following the Sepsis-3 consensus guidelines, we repeated the analysis defining sepsis as the presence of infection plus SOFA score ≥2. We used R, SAS version 9.4, and Stata version 13 for all analyses. The most common infection types among the sepsis cases were pneumonia (38.13%), urinary tract infections (16.82%), and abdominal infections (16.82%; Table 1 ). Sepsis cases were more likely to be male and white, exhibit lower education and income, reside in the Stroke Belt, and use tobacco ( Table 2) . Alcohol use was similar between sepsis cases and controls. Baseline medical conditions were more common in sepsis cases than controls. Sepsis cases had higher ACR and CRP levels, and lower eGFR than nonsepsis controls. Sepsis cases were more likely to be current aspirin users compared with nonsepsis controls.
The risk of acute CHD was higher for sepsis cases than nonsepsis controls after adjusting for age, sex, race, tobacco use, education, income, region, ACR, and baseline medical conditions. In piecewise models, this association persisted for 4 years after sepsis hospitalization (0-1 year adjusted hazard ratio Table 3 ). The associations between sepsis and subsequent acute CHD persisted with adjustment by REGARDS sepsis risk score. The associations between sepsis and acute CHD risk persisted over 10 years of follow-up when the relationship was modeled using Gray's model, showing a stronger association more proximal to the sepsis event ( Table 4 ). The association between sepsis and subsequent fatal CHD persisted with adjustment by REGARDS sepsis risk score. The associations between sepsis and fatal CHD persisted when the relationship Figure 2 . Kaplan-Meier failure curves depicting time to acute coronary heart disease (CHD) (A) and fatal CHD (B) events. Abbreviation: CHD, coronary heart disease. 
DISCUSSION
In this study we found that sepsis hospitalizations were associated with increased risks of subsequent acute CHD events for at least 4 years. Furthermore, the risk of fatal CHD was also increased for at least 4 years after sepsis hospitalization. Our observations originate from REGARDS, one of the nation's largest population-based cohorts of community-dwelling adults and were robust to a range of analytic approaches, including the use of Gray's models and accounting for competing risk of death.
The connection between sepsis and increased acute CHD risk is biologically plausible. The pathophysiological mechanisms that underlie acute CHD include vascular and systemic inflammation, promotion of a prothrombotic state, vascular stress, alteration in vascular tone, altered hemodynamic homeostasis, and altered metabolic balance [8, 9] . These vascular pathologies are similarly prominent in sepsis [29, 30] . Survivors of sepsis are known to have health sequelae including persistent organ dysfunction, suggesting that these pathophysiological abnormalities may persist long after recovery from an acute sepsis episode [2] [3] [4] [5] [6] . Prior studies have linked biomarkers of inflammation and hemostasis with long-term mortality after pneumonia hospitalizations [10, 11] .
Prior studies have linked specific infection types with subsequent risk of acute CHD [12] [13] [14] [15] . In a case series study of the United Kingdom General Practice Research Database, Smeeth et al observed an increased risk of acute MI and stroke after acute respiratory infections [13] . Corrales-Medina et al used matched case cohorts from the Cardiovascular Health Study and the Atherosclerosis Risk in Communities study to identify increased long-term acute MI, stroke, or fatal coronary heart disease [12] . Using data from a single academic medical center, Jafarzadeh et al found that acute cardiovascular events (stroke, transient ischemic attack, and MI) were associated with prior episodes of bacteremia; however, the study relied on discharge diagnoses and included only individuals who had had at least Abbreviation: CHD, coronary heart disease.
2 hospitalizations at the medical center [14] . Yende et al used Medicare claims data to assess 4179 intensive care unit survivors of severe sepsis, finding high 1-year rates of cardiovascular events compared with matched and unmatched hospitalized controls [16] . Our study has numerous strengths that add to these prior efforts. We used population-based data, which allowed us to compare CHD risk against all community-dwelling individuals, not just those admitted to the hospital. Rather than discharge diagnoses, we identified sepsis and acute CHD events through structured adjudicated review of hospital records. We were able to adjust for a range of participant characteristics, affirming that the increase in cardiovascular risk is independently associated with the sepsis event and not comorbid burden. We were able to identify sepsis and acute CHD events over a 10-year span. Our focus on sepsis illuminates the link of acute CHD risk with a range of infection types. Furthermore, we were able to differentiate fatal CHD events from nonfatal CHD events. The larger HRs observed with fatal CHD affirm that sepsis hospitalizations are likely linked with more deleterious future cardiovascular events.
Our findings highlight important unanswered questions regarding post-sepsis care. Current clinical and scientific initiatives focus on the course and care of acute sepsis [31] . Recent efforts highlight that sepsis survivors often have lingering health sequelae, such as chronic kidney disease and cognitive decline, and increased allcause mortality. Our study highlights acute CHD as a potential target for mitigating the long-term effects of sepsis. For example, cornerstones of CHD prevention include hypertension and hyperlipidemia control; the use of antihypertensive and lipid-lowering medications may be considered for sepsis survivors [32] . Exercise and mobility are important for reducing cardiovascular risk; physical rehabilitation may potentially play an important part of sepsis recovery. Likewise, smoking cessation may potentially play a role. While proven effective in reducing cardiovascular disease risk, additional study must evaluate if these measures are effective, or feasible, in post-sepsis patients. Our study did have limitations. As discussed previously, because of their differing pathophysiology compared with CHD, we did not include strokes in this analysis. We assumed that baseline participant characteristics did not vary over the 10-year follow-up period. We adjusted for a comprehensive set of confounders, but additional unidentified confounders may have influenced the analysis. We were able to obtain data on the presence or absence of chronic medical conditions, but not disease severity. REGARDS included only black and white participants. Because of our focus on community-acquired sepsis, we did not include sepsis that occurred during hospitalization. Also, because REGARDS is not a surveillance study, we may not have been able to detect all sepsis events. Because of the limited number of CHD events, we may have not been able to identify associations with longer-term risk of CHD after sepsis.
In the REGARDS cohort, incident sepsis hospitalizations were associated with increased risk of subsequent acute and fatal CHD. Acute CHD prevention may be an important consideration in post-sepsis care.
